Background: Interleukin (IL) 28B single nucleotide polymorphisms may play a role in the clearance of hepatitis C virus (HCV). We aimed to evaluate the treatment response of chronic HCV infection patients to pegile interferon (pegIFN) and ribavirin treatment with regard to IL28B rs12979860 C/T polymorphism.
Introduction
There are several factors that affect the progression of hepatitis C virus (HCV) infection and its response to treatment in chronic cases [1] [2] [3] [4] . In multiple genome-wide association studies, a single nucleotide polymorphism of the interleukin (IL) 28B gene, 3 kb upstream (rs12979860 C/T), encoded by interferon (IFN) lambda-3, had a substantial role in the disappearance of HCV infection spontaneously or with treatment [5] . IL28B rs12979860 is the primary factor contributing to recovery from infection [6] [7] [8] . In some recent studies, it has been observed that IL28B gene polymorphism increases almost two-fold response to treatment [9, 10] . The IL28B genotype is a strong predictor of SVR in treatment protocols that include a protease inhibitor or in IFN/ribavirin combination treatments [11] [12] [13] .
The present study aimed to evaluate the characteristics and response to treatment of Turkish patients who underwent pegile (peg) IFN and ribavirin for chronic hepatitis C (CHC) with respect to IL28B rs12979860 C/T polymorphism.
Interleukin 28B Genotype and Hepatitis C Gastroenterol Res. 2014;7(5-6):123-130 65 male) from three university hospitals located in two different geographical regions who underwent pegIFN and ribavirin treatment and were followed up regularly between April 2011 and April 2013 were involved in this retrospective study. The mean age was 55.6 ± 10 years (age range, 24 -77 years). CHC was diagnosed in cases with compensated disease through liver biopsy, normal or high liver enzymes, positive anti-HCV, and positive HCV-RNA. Patients with other chronic liver diseases, positive hepatitis B surface antigen (HBsAg), and human immunodeficiency virus (HIV) infection were excluded from the study. The liver biopsies percutaneously obtained were evaluated using the Ishak scoring system [14] , which categorizes fibrosis with a score of 0 -2 as mild, 3 -4 as moderate, and 5 -6 as severe [15] .
Evaluation of treatment protocol, follow-up, and treatment responses
Eighty-seven patients were administered pegIFN alpha-2a plus ribavirin, and 99 were administered pegIFN alpha-2b plus ribavirin at standard doses, as follows: pegIFN alpha-2a 180 µg/ week + ribavirin (1,000 mg/day for patients with body weight ≤ 75 kg; 1,200 mg/day for patients with body weight > 75 kg); or pegIFN alpha-2b (1.5 µg/kg/week) + ribavirin (800 mg/day for patients with body weight < 65 kg; 1,000 mg/day for patients with body weight 65 -85 kg; 1,200 mg/day for patients with body weight 85 -105 kg; 1,400 mg/day for patients with body weight > 105 kg) [16] . Length of treatment period was determined in accordance with the regulations of National Health Practices Statement of the Health Ministry. According to this official statement, the duration of treatment for genotypes 1 and 4-infected patients is 48 week, and treatment cannot be continued for more than 16 weeks for the patients not displaying a decrease of 2 log 10 in HCV-RNA level in the 12th week of treatment. For patients with a 2 log 10 decrease in HCV-RNA level after 12 weeks, if HCV RNA positivity still goes on in the 24th week, the length of treatment can be up to 28 weeks. Clinical evaluation and laboratory tests of the patients undergoing treatment were performed in the first, second, and fourth week of treatment, then monthly until the end of the treatment, and 3 and 6 months after the end of the treatment. PegIFN and ribavirin doses were modified on the basis of weights, symptoms, and laboratory findings of the patients. Quantitative HCV-RNA measurement was studied before the treatment in the fourth, 12th, 24th, and 48th week of treatment, and 24 weeks after the treatment. The responses to the treatment were described according to guidelines [13, 16] .
For all patients, demographics, body mass indices (BMI), alanine aminotransferase (ALT) and viral genotypes, liver biopsy necroinflammation, and fibrosis results, which were evaluated on the basis of the Ishak scoring system, and HCV-RNA 
Blood samples and laboratory tests
Routine biochemical tests were performed from venous blood samples with an automated device and HBsAg, anti-HCV, and anti-HIV antibodies examined using an enzyme immunoassay method (anti-HCV and anti-HIV: Architect System, Abbott Laboratories, IL, USA, HBsAg: Elecsys Systems, Roche Diagnostic, Mannheim, Germany). Quantitative HCV-RNA measurement was performed using real-time polymerase chain reaction (PCR; COBAS Ampliprep/COBAS TaqMan 48, Roche Molecular Systems, Mannheim, Germany and Bosphore HCV Quantification v2, Anatolia Geneworks, Istanbul, Turkey), and the HCV genotype was determined using the pyrosequencing method, according to the manufacturer's instructions. After DNA isolation from blood samples, they were stored at -80 °C.
Detection of the IL28B rs12979860 C/T polymorphism
Genotyping for the IL28B rs12979860 C/T polymorphism was performed by a PCR-based restriction fragment length polymorphism assay. Genomic DNA was extracted from whole blood samples using the QIAamp DNA blood mini kit (Qiagen, Hilden, Germany), according to manufacturer's instruction. Using purified genomic DNA, a 139-bp product was amplified with the following primers: forward primer 
Statistical analysis
Histogram, q-q plots, and Shapiro-Wilk's test were used to assess data normality. A logarithmic transformation was applied (base 10) to baseline viral load variables because of its highly skewed distribution and discrete count data type. To compare the differences between groups, one-way analysis of variance (ANOVA) and Kruskal-Wallis test were used for continuous variables and Pearson's Chi-square analysis was used for categorical variables. In addition, Siegel-Castellan test was performed for multiple comparisons. Odds ratios (ORs) were calculated with 95% confidence intervals (CIs), and values were expressed as frequencies and percentages, means and standard deviations (SDs), medians and interquartile ranges, or geometric means and 95% CIs. Analysis was conducted using R 3.0.2 software (www.r-project.org), considering a P value of < 0.05 as statistically significant.
Results
The demographic characteristics of 186 CHC patients are shown in Table 1 . When the IL28B genotype was assessed in patients with CHC, the C/C genotype was identified in 22.6%, the C/T genotype in 52.7%, and the T/T genotype in 24.7% patients. The characteristics of patients are summarized in Table 2 on the basis of the IL28B genotype subgroups. The frequency of patients with a viral load of ≥ 400,000 IU/mL was higher in the C/T group (P = 0.020), and baseline ALT was higher in the TT group (P = 0.006). The median liver fibrosis score was 1 for patients with C/C and T/T genotypes and 2 for those with the C/T genotype (P = 0.023). There was no statistically significant difference between IL28B subgroups in terms of mean age (P = 0.147), gender distribution (P = 0.571), mean BMI (P = 0.446), genotype 1b or genotype 4 distributions (P = 0.091), the mean baseline HCV-RNA level (P = 0.503), and median liver necroinflammation (P = 0.669).
A total of 44.6% patients provided SVR to pegIFN and ribavirin combination treatment, while 55.4% (103 patients) did not. The frequency of T allele for the patients providing SVR was 41%, but this rate was 59% for the patients with no response (P < 0.001). SVR was obtained from 66.7% of the CC genotype, 42.9% of the CT genotype, and 28.3% of the TT genotype (P = 0.001) ( Table 3 ). The responses to the treatment are shown in Table 4 . The values of RVR (P = 0.216), cEVR (P < 0.001), EVR (P < 0.001), ETR (P = 0.001), and SVR (P = 0.001) were higher in the CC genotype than those in other genotype groups. However, there was no statistically significant difference in terms of RVR. Partial response (PR) was observed to be higher in the CT genotype (P = 0.443), whereas the rates of relapse and null response (NR) were higher in the TT genotype group (P = 0.400, P = 0.001).
Discussion
Chronic HCV infection is a serious problem in Turkey. Although the TURKHEP study reported a nationwide seroprevalence of 1%, there are some regions where this rate is as high as 3.1% [18, 19] , and prevalence increases after age 50 years [20] . In Turkey, the endemic HCV genotype is genotype 1b,
and recently, genotype 4 infection has been more frequently observed, possibly because of immigration [21] . Both genotypes belong to the group, in which SVR to the drugs used for CHC is low. Therefore, before initiating treatment, it is important to predict the response of the patient. Genome-wide association has mapped different phenotypes or characteristics for several single nucleotide polymorphisms on all chromosomes [22] . It has been indicated that the IL28B rs12979860 C/T polymorphism plays an important role in the response of CHC to the treatment and the spontaneous clearance of the virus [5, 6, 9, 10, 23] . It was reported that, in African or European populations, HCV spontaneous clearance was three-fold higher in patients with the IL28B rs12979860 C/C genotype compared with those with the C/T and T/T genotypes [6] . El-Awady et al [24] reported that IL28B C/C genotype protects against chronic infection progression by spontaneous clearance during the acute phase. In other studies, the C/C genotype played a major role in viral clearance caused by treatment [25] [26] [27] .
In the present study, 22.6% CHC patients were of the C/C, 52.7% cases were of the C/T, and 24.7% were of the T/T genotype. In a study, the distribution of the IL28B rs12979860 genotypes was examined in HCV-genotype-4-infected patients. The prevalence of the C/C genotype was 30.7%, that of the C/T genotype was 49.5%, and that of the T/T genotype was 19.8% [28] . In a study performed with 871 Caucasian patients, 39% patients with HCV infection were of the C/C genotype, 49% were of the C/T genotype, and 12% were of the T/T genotype [29] . In another study performed in Romania, these rates were 24.3%, 62.6%, and 13.1%, respectively [11] . C/T was the most prevalent genotype in our study, which is similar to the results of these studies. In our CHC patients, the frequency of the C/C genotype was lower than those previously reported in American and European HCV-infected patients [6, 9, 30, 31] . The frequency of the C/C genotype for HCV-infected patients in Europe was reported as 38% [9] and 45% [31] .
When characteristics of the patients with CHC were evaluated on the basis of IL28B genotype subgroups, the frequency of patients with a viral load of ≥ 400,000 IU/mL was highest in the C/T group (P = 0.021). The median ALT level was higher in the TT genotype (P = 0.006). Montes-Cano et al [31] reported that in 284 CHC patients, there was no significant difference between the patients in the C/C and C/T + T/T groups with regard to viral load or in gender distribution and infection age; however, the ALT level was higher in the C/C group (P = 0.006). Sporea et al [11] determined that the baseline viral load was significantly lower in the T/T group than other genotypes, and the frequency of patients with a viral load of > 600,000 IU/ mL was highest for the C/C genotype (80.8%).
In our study, 86.8% patients had genotype 1b infection and 13.2% had genotype 4 infection. The liver fibrosis score was significantly higher in subjects with the C/T genotype compared with other genotypes (P = 0.023), although there were no differences in necroinflammation among the groups. In the study by Falleti et al [15] , the frequency of genotype 1 infection was 28.1%, that of genotype 2 was 38.2%, that of genotype 3 was 42.3%, and that of genotype 4 -5 was 36.6% for the C/C group. In the same study, the necroinflammation score in the C/C group was significantly higher than that in the C/T + T/T group. The number of patients with severe hepatitis was higher in the T/T group, while the number of patients with mild hepatitis was higher in the C/C group. In the study by MontesCano et al [31] , for the group with the IL28B C/C genotype, the rate of HCV infection with genotype 1 was 39.1% and the frequency of the other genotypes was 66.7%. Based on liver biopsy results, a fibrosis score of 0 -2 was observed in 46.5% and a score of 3 -4 was observed in 43.2% patients with the C/C genotypes. In the C/C + C/T group, a fibrosis score of 0 -2 was observed in 53.5% and a score of 3 -4 in 56.8% patients.
The differing results in our study may be because the number of patients was low, the number of patients in the C/T group was higher than those in the other groups, and 70.5% had mild liver disease. In CHC patients, there is a relationship between IL28B genotype and SVR to pegIFN alpha and ribavirin treatment. In the studies conducted in Asia, high rate of SVR in CHC patients can be explained with the fact that IL28B genotype of these patients is generally C/C [32, 33] . Moreover, Ge et al [9] indicated that the rate of SVR was two-fold higher in the C/C genotype than in the T/T genotype (95% CI: 1.8 -2.3).
In our study, general rate of SVR given to the pegIFN alpha and ribavirin combination treatment was 44.6%, but in the C/C, C/T, and T/T genotypes, this rate was observed to be 66.7%, 42.9%, and 28.3%, respectively (P = 0.001). RVR rates were 54.8% in the C/C genotype, 41.9% in the C/T genotype, and 39.1% in the T/T genotype. The rates of ETR were 90.5% in the C/C genotype, 62.2% in the C/T genotype, and 56.5% in the T/T genotype. With regard to the rates of PR, there was no significant difference among the groups. However, the rate of the patients with NR was significantly higher in the T/T genotype than the C/C and C/T genotypes (P = 0.001). In a previous study, genotype 1-infected 1,171 Caucasian, 300 African-American, and 116 Hispanic CHC patients were evaluated, and the percentages of SVR were observed to be 69% for the C/C genotype, 33% for the C/T genotype, and 27% for the T/T genotype groups [34] . In this study, the rates of RVR were determined as 28%, 5% and 5%, and the rates of ETR were 92%, 56%, and 51% respectively. Our ETR and SVR rates were similar to the rates of this study, but our RVR ratios were higher for all of the genotype groups. In a multicenter study conducted in Germany, the SVR rates of patients with C/C, C/T, and T/T genotypes were observed to be 85%, 58%, and 46%, respectively [35] . In another study in Romania, the SVR rates were 73.1%, 40.9%, and 57.1% according to the genotypes [11] . The rates of SVR obtained from the C/C and T/T genotypes in this study were similar to those reported by Thompson et al [34] . Stattermayer et al [36] observed that the rate of RVR was 38.3% and the rate of SVR was 79.1% for the genotype 1-infected patients with CC allele. In addition, these rates were respectively 76.5% and 85.3% for the genotype 4-infected patients with CC allele. Therefore, an EVR to pegIFN and ribavirin is more likely to be observed among carriers of the C/C IL28B polymorphism, which may underlie their high rate of SVR, and that IL28B genotype determination and the presence of an RVR may be used in future studies of patients with HCV genotypes 1 or 4. In our study, it was observed that the ratio of cEVR + pEVR was 97.6% for the C/C genotype group, 72.4% for the C/T genotype, and 63% for the C/C genotype. Sporea et al [11] indicated that the rates of EVR in genotype 1-infected 107 patients were 100%, 89.5%, and 85.7%, respectively. The same rates in the study of Thompson et al [34] were 97%, 72%, and 68%, respectively. The rates of relapse in our study were 30.4% for the T/T genotype, but 26.2% and 20.4% for the C/C and C/T genotypes. In another study, the rates of relapse were close to each other, i.e., as 13%, 19%, and 21% for the C/C, C/T, and T/T genotype groups, respectively [35] .
In our study, the frequency of T allele was lower in the patients with SVR than in those with no response (41% vs. 59%, P < 0.001). In the study of Pasha et al [28] , the SVR ratios of genotype 4-infected Egyptian patients were observed to be 38.2% for those having C/C genotype, 50% for those having C/T genotype, and 11.8% for those having T/T genotype. The percentage of T allele was 36.8% in the group with SVR. In another study conducted in Egypt, based on the C/C, C/T, and T/T genotypes, the rates of SVR were observed to be 71.4%, 20.6%, and 7.9%, respectively [37] . In this study, the rate of T allele was 18.2% for the ones with SVR and 47.2% for the ones with no response.
In conclusion, our findings suggest that the antiviral treatment response in CHC is connected with the IL28B rs12979860 C/T gene polymorphism. Among the HCV genotype 1b-and 4-infected patients, the rates of RVR, EVR, ETR and SVR obtained from pegIFN and ribavirin treatment were higher in the patients having IL28B C/C genotype than those with C/T and T/T genotypes. These findings may help clinicians decide on beginning both pegIFN alpha and ribavirin treatment and triple antiviral treatment, including protease inhibitor, the cost of which is higher than dual treatment. Further comprehensive studies should examine the effects of the IL28B genotype subgroups on the prognosis of the disease and the response to treatment for CHC patients.
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